Identification of functional regions of guanylate cyclase-activating protein 1 (GCAP1) using GCAP1/GCIP chimeras.
Guanylate cyclase-activating protein 1 (GCAP1) and guanylate cyclase-inhibitory protein (GCIP) are calmodulin-related Ca2+-binding proteins expressed in vertebrate photoreceptor cells. GCAP1 activates photoreceptor guanylate cyclase 1 (GC1) at low free [Ca2+] (<50 nM, in the light), but inhibits it at physiological high [Ca2+] (1 microM, in the dark). GCIP, a Ca2+-binding protein from frog retina, inhibits GC1 at approximately 1 microM [Ca2+], but is unable to stimulate cyclase at low [Ca2+]. In this study, we probed the interaction between GCAP1 and GC1 by producing GCAP1/GCIP chimeras and tested their capability to stimulate GC1. We prepared eight pairs of constructs in which the N-terminal portions of GCIP and GCAP1 were successively replaced by corresponding domains of GCAP1, and GCIP, respectively. The expressed proteins were purified and tested for stimulation of GC1 at 50 nM [Ca2+], and their ability to competitively inhibit GC1 stimulation by a Ca2+-insensitive GCAP1 mutant, GCAP1-tm, at high [Ca2+]. While all GCAP1/GCIP chimeras competitively inhibited GC1 stimulation at high [Ca2+] by GCAP1-tm, several of the GCIP/GCAP1 chimeras had no effect. A chimera consisting of residues 1-20 of GCIP and 21-205 of GCAP1 had no effect on GC1 at low [Ca2+], suggesting that the N-terminal region MGNIMDGKSVEELSSTECHQ, which has no sequence similarity to GCIP, is among the key components necessary for GC1 stimulation. A GCAP1/GCIP chimera consisting of residues 1-43 (including nonfunctional EF1) of GCAP1 and residues 56-206 of GCIP stimulated GC1 at low [Ca2+] and inhibited GC1 at high [Ca2+], suggesting that the essential components required to transform an inhibitory to an activating protein are contained within the N-terminal region of GCAP1 (residues 1-43).